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An, investigation of improving the quality of light 
formed images uniformly fogged by X-rays was done using 
Kodak Super-XX filmo A viscous developer containing 
• 
glycerine as a thickening agent was used as the means of 
obtaining recovery. The results indicate no evidence of 
image improvement in terms of overall contrast; however, 
small area contrast was extended to more density levels 
using the image recovery technique. 
1 
INTRODUCTION 
The undesired fogging effect of ionizing radiation 
on photographic materials has been a persistent problem 
in cases such as inadvertent exposure of film to nuclear 
w-fH 
fallout. The purpose of this study ~to in~estigate 
the effect of X-ray fogging on light formed images and 
to devise a method through processing by which images can 
be recovered. Since only an observation of the effect 
of image recov"ery .ts des ired" the variables in this exper-
iment are restricted. Hopefully, the observations made 
from the techniques used can be applied to similar situ-
ations under different conditions. 
2 
THEORETICAL CONSIDERATIONS 
The Location of the Latent Image 
The relative location of grains exposed by light 
and X-rays is the basis of image recovery using controlled 
diffusion developmento ~he attenuation of light through 
• 
an emulsion is significant; attenuation of all but the 
softest X-rays is negligibleo 1 In discussing the effects 
of ionizing radiation on film, it should be recognized 
that the exposing action of X-rays is not due to the 
electromagnetic radiation itself, but rather to the electrons 
emitted during the absorption processo These high energy 
C~ 
electr~ave fairly long ranges in matter, and thus there , 
) 
is a possibility that an electron will fog many grains ~IJ~~. 
within an emulsion:. 2 The result is that most of the grainSl~C 
exposed to light are near the surface of the emulsion, 
whereas the X-ray fogged grains exist throughout the entire 
depth. Controlling the diffusion of the developer into 
the emulsion will restrict development to those grains near 
the surface (both light and X-ray exposed) 0 Since most of 
the X-ray exposed grains are not developed, it is expected 
that the net result would be a reduction of X-ray fog in 
the final ~mageo Attempts by Feigenbaum) et ale to restrict 
processing to the emulsion's surface by using a high 
concentration of developer with thickening agents failed 
to improve recovery. The details of this experiment, 
such as the response varibles used, are not known 0 
Controlling Developer Diffusion into the Emulsion 
Diffusion of an aqueous developer solution generally 
proceeds throughout the entire depth of the emulsion 0 
The diffusion (depth of penetration) can be controlled by 
• 
increasing the viscosity of solution, so that primarily 
grains near the surface of the emulsion are developed. 
If each molecule of a liquid is located at its own 
particular site, for movement from one site to ' another 
(diffusion) it is necessary first for a vacancy to cbe formed 
and secondly for a molecule to move into the vacant site. 
The · chance for a molecule to move from site to site is 
. -WiT proportlonal to e f ~ where W is the sum of the energies 
necessary to, form a vacancy and move the molecule to the 
new site. The viscosity of a liquid is the resistance it 
offers to flow, and is related to the time a molecule 
remains at a given site. Thus the viscosity is inversely 
proportional to the mobility as described above. 
WiT 
ID::o( e 
As n (viscosity coefficient) increases, W will also. 
Thus the chance for a molecule to move from site to site 
decreases, as does the diffus ion~ The addit ion of 
4 
glycerine to the developer solution effectively decreases 
the diffusion of the developer into the emulsion layer. 
Glycerine is hygroscopic and miscible with water in all 
proportions. S For the purposes of this experiment, only 
the qualitative effects of controlled diffusion develop-
ment will be considered. (see Appendices A and B) 
• 
EXPERIMENTAL PROCEDURE 
A description of the exposure and processing received 
by the film samples in this experiment are given below to 
allow an understanding when reference is made to them in 
the reportD 
Control: Sensitometrically light exposed samples processed 
according. to manufacturer's recommendations. 
Degraded. Exposed to light and X-rays, processed in the 
same manner as the control samples. 
Recovered. Samples exposed to both light and X-rays, 
processed in a special viscous developer. 
(This will be explained later in more detail.) 
The film type used was Kodak Super-XX 4"X5" sheet filmo 
This is a mDderate speed (ASA 200), fine grain emulsion 
which is representative of the type of material used in 
S 
instrument and data recording. All light exposures were 
made in a Kodak Model 101 Process Control sensitometer 
with a 2.1 ND filter in the light path. The lamp was 
o 
operated at a color temperature of 2850 K, and the exposure 
at the film plane was 2.7 lux-seconds. The control and 
o 
degraded samples were tray (5"X7") processed at 68 F for 
five minutes . in DK-50 developer. (The RIT tray rock method 
• 
of agitation was used for all samples @ six cycles/minute.) 
Exposure to X-rays was done in the RIT School of Mechanical 
Engineering on a machine designed for X-ray diffraction 
work. Light exposed film in a Ri teway 4"X5" film holder 
was positioned 6i" in front of the X-ray source. The 
X-ray tube used contained copper target material. Prelim-
inary experimentation was done to determine the fogging 
effect of X-rays on the film. Exposure to radiation of 
40 kVp @ 15 milliamperes for ten seconds completely elim-
inated the light formed image on the normally processed film. 
The voltage was then reduced to 22.5 kVp (other factors 
the same) and several steps of the step tablet were visible 
at the dense end of the degraded sample. This then became 
the standard X-ray exposure for the experiment. 
Determination of the conditions under which recovery 
would be most significant involved a series of runs in 
which thre~ processing variables (development time, temp-
erature, and the ratio of DK-50 to glycerine) were varied. 
6 
7 
SCHEMATIC DIAGRAM OF X-RAY APPARATUS 
Figure 1 
4" X 5" film holder 
(lower half receiving 
X-ray exposure) 
./ source to film distance=6t" 
X-ray tube 




Each of the three factors were run at two levels for a 
total of eight combinations. 

















The values in this table were not chosen arbitrarily" but 
rather ascertained after preliminary experimentation to 
determine their effect. A developer, for example, which 
ccmtained 50% DK-'50 and 50% glycerine (by volume) showed 
extremely low development even for extended times. The 
treatment combination which showed the most favorable recov-
ery (in terms of the response variables used) was the run 
o 
made at 80 F, with a development time of nine minutes and 
a DK-50/glycerine ratio of 75/25. With increased developer 
dilution and viscosity, a longer time of development at a 
higher temperature apparently was needed to keep the contrast 
and speed from being reduced significantly. (That is, with 
respect to the other treatment combinations.) A total of 
five replicates each of the control, degraded, and recovered 
samples were made in analyzing image recovery. 
8· 
ANALYSIS OF DATA 
The determination of image recovery was based on 
response variables which included overall contrast (gamma), 
effective speed, and small area contrast (image density 
modulation)~ Gamma was measured as the slope of the straight 
line portion of the density vs. log exposure curve. • 
Effective speed was considered only for the control and 
recovered data, and was measured as the reciprocal of the 
exposure needed to produce a gross density of 1.30 • 
The most significant means of analyzing the data was con-
cerned with small area contrast. This method6 involved 
observing density modulation of a regular pattern imaged 
onto the film sample. A 50% half tone dot screen was used 
as the regular pattern" for measuring image density modulation 
in all sampleso The original screen, being of high contrast 
(1.221005), would not allow an ' effective study of density 
modulation at a given density value; such a high contrast 
ratio would result only in the formation of high density 
dots on the sample. Therefore, a low contrast screen (.46: .85) 
was made by contact printing the original on Kodak Aero-
graphic Duplicating Film 2430~ This corresponds to a 
lower density modulation on the film sample, confining the 
contrst range in which analysis is desired. A comparison of 
density modulation of the recovered and degraded images would 
9 
show a change in contrast on a small scale. (i.e., in 
details as opposed to overall contrast) To form the dot 
images on the film samples, a strip of the low contrast 
screen was taped to the head of the sensitometer so that 
the light incident on the film passed through both the step 
tablet and the screen. The emulsion side of the screen 
was placed in direct contact with the film sample, and 
fairly sharp dot images were obtained. Eval~ation of these 
images (normal, degraded, and recovered) was done by scanning 
the dots on the Joyce & Loebl microdensitometer. First runs 
using a slit width of ten microns failed to show a definate 
modulation in · the degraded imag es; this was overcome by 
widening the slit to 80 microns, thus reducing density 
flucuations due to granularity. 
Dot Densiti Modulation on Film Samples 
Table 2 
CONTROL DATA 
(Diffuse densities corresponding to each step are given next 
to the step number in ·parenthes (? $o) 
All densities are diffuse 
Replicate #21 (2.19 L. #20 (1. 99) #19 (lo8f3) . #18 ~ (1~68): . 
1-' 1.10-1.37 098-1.22 .8)-1.10 .77-.97 
2 1.14-1.42 098-1. 28 .86-1.14 .80-1.04 
) 1.22-1.56 1.10-1.42 .97-1.28 .85-Ll0 
4 1.)5-1.62 1.12-1.47 1Q12-::1.)5 .97-1.27 
5 101)-1.51 1.0)-1.)9 .89-1.)0 .77-1.17 
avg. 1.19-1. 50 1.04-1.)6 .9)-1.2) .8)-1.11 
. 'j ( 1)"1- . ")0 . L\l 
10 
1 1 
Table 2 (continued) 
DEGRADED DATA 
Replicate Step # 21 ( 2( 031 ) Step #20(2023) 
1 1.29-1.53 1028-1.43 
2 1039-1.56 1.43-1060 
3 1.28-1043 1.32-1.45 
4 1048-1.75 1047-1.68 • 
5 1.75-1.84 1.51-1.75 
avgo 1.44-1.62 1040-1.58 
~ t g I I~ 
RECOVERED DATA 
Replicate #21(1.33) #20(1.27) #19(1.23) #18(1.17) 
1 .98-1.10 1000-1010 087-.95 070-.79 
2 090-1.02 087-1.00 085-095 .67-.73 
:3 091-1.00 094-1 000 .86-096 064-.70 . 
4 .85-.93 .85-.91 .84-.90 .59-.66 
5 .86- 0 95 .86-.95 .86-092 .60-.66 




Gamma and Speed Values 
Table 3 
Gamma Relative speed 
6.3 
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DISCUSSION OF RESULTS 
The overall contrast (gamma) was decreased significantly 
from normal on the degraded and recovered strips. Recovery 
was not improved in this respect, the contrast being about 
the same on both samples and an effective speed loss observed 
on the recovered samples. The DlogH curves show a very high 
• fog level and tonal separation only at higher densities 
(steps 18-21). A plausible explanation of why this might 
have occurred is as foilowsl 
Diffusion may be completely rate controlling 
in rapid development at high exposure levels. 
Development of the grains near the surface of 
the emulsion then proceeds to completion be-
fore significant development occurs of the 
grains more deeply within the emulsion .. layer. 
The rate of penetration of the emulsion layer 
by the developing agent is lower in the areas 
of high exposure, both because more silver 
halide is being reduced and hence more devel-
oping agent is being used up. and because the 
chemical reaction in the induction period may 
be at least partially rate controlling in the 
regions of moderate to low exposure levels.? 
While each step did contain X-ray exposed grains, it appears 
possible that at the lower steps diffusion of the viscous 
developer proceeded more rapidly than at the steps of 
higher exposure levelo Apparently, to increase the contrast 
on recovered samples, diffusion must be restricted even more. 
A corresponding decrease in in speed from the control to 
16 
the recovered images was due to the dilution of the viscous 
developer and it~ inability to diffuse deeper into the 
emulsion and thus form more density. However, this sacrifice 
was necessary for providing a greater range of dot dens.ity 
modulation (over more steps) in the recovered images than 
in the degraded images. Although modulation was was greater 
in the degraded imagBs, a density change in the dot pattern 
was observed at lower steps in the recovered images, (Figure 3) 
• 
The higher noise level and greater rlumber of developed 
X-ray fogged grains were responsible in reducing the contrast 
between the dots to the extent where a change was not detect-
able. The dot density modulation was extended in the 
recovered images because less of the X-ray fogged grains 
were developed and less noise was present due to .the decreased 





The use of a viscous developer was found to restrict 
development to the top of the emulsion layer, to an extent 
allowing development of light exposed grains while re-
stricting the number of X-pay fogged grains which were 
developed. The attempt to obtain favorable results was 
successful in extending the range of dot density modulation 
• 
to lower density levels with an effective loss in speed. 
A practical application of this method would be to determine 
if the increase in small area contrast is significant in 
obtaining dat~ from film subjected to X-ray exposure. 
RECOMMENDATIONS FOR FURTHER INVESTIGATION 
As stated previously, this study was limited in 
terms of the variables considered. Below are suggestions 
which could be considered for further investigation. 
10 The spectral quality of the fogging radiation used 
was restricted, an extensive study could ~e made using 
the whole spectrum of X-rays. 
2. Glycerine was used as the diffusion controlling agent 
in this experiment; although nothing was found in the 
literature , there probably exists some other substance 
which could be used to control developer diffusion. 
J. The effects of image recovery on other emulsion types 
using different developers could be quite different 
from those which were obtained on Kodak Super-XX 
developed in DK-500 
19 
APPENDIX A 
Cross-sections showing image location and-: the effect of 
viscous developer 
Exposure to light only, 
developed normally 
(D=O. 30) 
Exposure to light and 
X~rays, . developed normally 
(D=1.6) 
Exposure to light only, 
developed in 75% DK-50; 
25% glycerine solution 
(D=0.30) 
. -~ ..... ... ...... . 
.-iiI. " _ _ -"'- _ ...... ..0-, I 
Exposure to light and 
X-rays, developed in 
75% DK- 50 125% glycerine 
solution (D=1.6) 
While these . photographs do not repr (';Bent-_ con-clusi ve evidence, 




Viscosity coefficients of liquids used 
IT = viscosity coefficient in centipoises 
Kodak DK-50 developer n" = 085 cpo 
Glycerine n = 954 cpo 





Obtaihing film cross-sections 
The cross-sections used in this experiment were made on 
an American Optical Corporation microtome, model 820. 
Small film samples (i"X~") were placed between two halves of · 
a specially constructed holEter. 
hOlders) film (between holders) 
I razor blade 
, 
The holder was clamped securely in place on the machine. 
. I 
The cross-sections obtained weve 15 microns thick, and 
subsequently observed microscopically and photographed. 
r!~r~F 
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